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Abstract
The interactions of anisotropic colloids with substrates have many important
applications, such as drug delivery, biosensors, etc. There are many different types of
colloids with shape and surface anisotropy, among other factors, which result in a
variety of possibilities to maximize drug delivery, DNA biosensors, and delivery of
consumer products. Optimizing particle-surface interactions requires the
quantification of the interactions as a function of particle position, orientation, and
surface properties. Developing a methodology to quantify particle-surface interactions
of anisotropic colloids compared with similar spherical particles is relevant to evaluate
and predict their behavior for specific applications.
In this approach, Janus particles composed of silica and partially covered by gold are
studied. We quantify the DVLO interactions of the anisotropic Janus colloids with a
surface using the surface element integration method as a function of particle
orientation and separation distance. Additionally, as the particle aspect ratio changes
from a spherical to an ellipsoidal shape, the changes in energy also show the optimal
shape of a particle for each amount of energy. This is a model that can be used to
further the study of similar Janus particles and be adjusted for more complex particle
shapes and surfaces.
The objectives are
• Model the DLVO interactions of complex colloidal shapes.
• Quantify the effect of surface and shape anisotropy on the interaction of Janus
colloids with substrates.
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Methodology
h = separation distance
φ [phi] = Polar angle
θ [theta] = Azimuthal angle
ψ [psi] = Rotor angle

Aspect Ratio rz/rx = 5

In the future, this methodology will be applied to study Janus
superellipsoids. By quantifying interactions of a similar nature for a
different shape, the optimal energies for each particle shape could be
compared. This could also be applied to particles of different composition.
Other factors of particle-surface interaction such a curvature could be
validated by these varying particles. Different particle shapes would
require adjusting the variables but could reinforce the validity of the
model. Further, experimental tests could be built based around the results
of these models.

Conclusions
•
•

The DLVO theory states that the overall interaction potential energy (electrostatic
energy (UE) and Van der Waals energy (UV)) is a function of separation distance h. This
theory is supported by both the Lifshitz theory and through Derjaguin approximation.
The specific Janus particle studied was composed with one side of silica and one side
of gold. The zeta potential and the Hamaker constant were necessary values to
determine the surface’s potential energy unique to its composition.
There are 3 Euler Angles that determine the particle’s overall orientation. Due to
particle symmetry, the polar angle φ is the angle that is primarily changed in this
particle-surface interaction. In the model, the changes in energy are plotted as a
function of the polar angle (from 0° to 180°) and separation distance. At 0°, only the
silica side is in contact, and at 180°, only the gold side is in contact.
The surface coverage of each particle was also and was studied in respect to three
different aspect ratios, which changed the shape of the particle. The particle’s rx
remained 1 while the rz changed. As the color turns darker red, it represents an
increasing positive gradient closer to the surface and that the energy is increasing,
whereas as the color turns darker blue, the energy difference is larger, which
represents an attractive force between the particle and surface.

Influence of the surface coverage (rz/rx = 2.5)

•
•

Surface element integration is a successful method for maximizing and
predicting the equilibrium particle position, orientation, and surface
properties for anisotropic particle-surface interactions.
These interactions were quantified and represented by showing how
particle orientation and separation distance affects interaction
potential energy.
DLVO interactions promote a preferred orientation as the aspect ratio
of the Janus particle increases without applying any external field.
The shape anisotropy, characterized by the Gaussian curvature, and
the surface anisotropy, characterized by the surface coverage,
enhanced the directional interactions on the energy landscape.

Particle Surface Charge Values
Zeta Potential

Hamaker Constant

Silica

-25 mV

1.501 J

Gold

-50 mV

22.22 J
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